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Abstract—This study employs a range of machine learning
models to forecast crude oil prices in Morocco, including Linear
Regression, Random Forest, Support Vector Regression (SVR),
XGBoost, ARIMA, Prophet and Gradient Boosting. Among
these, SVR demonstrated the highest accuracy with an RMSE of
1.414. Additionally, the ARIMA and Prophet models were
evaluated, yielding RMSEs of 2.46 and 1.41, respectively. An
ensemble model, which combines predictions from all the
individual models, achieved an RMSE of 2.144, indicating robust
performance. Projections for 2024-2027 show a rising trend in
crude oil prices, with the SVR model forecasting 21.91 MAD in
2027, and the ensemble model predicting 14.47 MAD. These
findings underscore the effectiveness of ensemble learning and
advanced machine learning techniques in producing reliable
economic forecasts, offering valuable insights for stakeholders in
the energy sector.
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. INTRODUCTION

Forecasting crude oil prices is a crucial research topic, not
only for producing countries but also for importers like
Morocco.  Fluctuations in oil prices have profound
repercussions on the global economy, affecting production
costs, consumer prices, energy policies, and investment
strategies. In Morocco, specifically, the price of crude oil
directly influences public and private spending, the
transportation sector, and household purchasing power.
Therefore, accurately anticipating oil price trends is essential
for developing robust and sustainable economic policies.

Traditionally, oil price forecasting models have relied on
classical statistical and economic methods, such as ARIMA
(Autoregressive Integrated Moving Average) models [1] or
VAR (Vector Autoregression) models [2]. While these
methods have provided useful results, they often have
limitations in terms of accuracy and ability to capture the
complex nonlinearities and dynamic interactions present in oil
price data. Recent advances in machine learning offer new
perspectives for improving these forecasts by leveraging more
sophisticated and adaptive techniques.

Machine learning allows for the processing of large
amounts of data and the modeling of complex relationships that
may be difficult to capture with traditional approaches. Models
such as Linear Regression, Random Forest, Support Vector

Regression (SVR), XGBoost, and Gradient Boosting can adapt
to different data structures and provide more accurate forecasts.
Moreover, ensemble learning techniques [3], which combine
the predictions of multiple models, can further enhance the
robustness and reliability of forecasts by reducing the risk of
errors associated with an individual model.

In this study, we focus on applying various machine
learning techniques to predict annual crude oil prices in
Morocco. We selected a diverse set of models to capture
different characteristics of the data and compare their
performance in terms of predictive accuracy. Our objective is
to identify the best-performing model for Moroccan data and
explore the potential benefits of ensemble learning.

To achieve this, we used a historical dataset on crude oil
prices in MAD (Moroccan dirham), covering several years. We
preprocessed the data to ensure its quality and consistency,
including handling missing values and standardizing variables.
The selected models include Linear Regression, Random
Forest, Support Vector Regression (SVR), XGBoost, ARIMA,
Prophet and Gradient Boosting. Each model was evaluated
using the Root Mean Squared Error (RMSE) to measure the
accuracy of the predictions.

Our results indicate that Support Vector Regression (SVR)
offers the best individual performance with an RMSE of 1.414,
outperforming the other models. Additionally, we developed an
ensemble model by combining the predictions from all
individual models to create a weighted average forecast. This
ensemble approach achieved an RMSE of 2.144,
demonstrating increased robustness compared to most
individual models.

Forecasts for the period 2024-2027, derived from the
ensemble model, suggest a steady upward trend in crude oil
prices in Morocco. Starting at 13.28 MAD in 2024, the
predicted values gradually increase each year, reaching 14.47
MAD by 2027. This consistent growth pattern, as illustrated in
Fig. 3, reflects the ensemble model’s capability to provide a
balanced and comprehensive view of future trends. The gradual
increase from 13.28 MAD to 14.47 MAD implies a stable
environment with continuous, albeit modest, enhancements,
highlighting the robustness of the ensemble approach in
mitigating individual forecasting errors and uncertainties.

These results emphasize the importance of ensemble
learning for obtaining balanced and reliable forecasts. The
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advanced machine learning and ensemble techniques used in
this study provide valuable tools for Moroccan policymakers,
enabling them to better anticipate price fluctuations and
develop more informed and resilient economic and energy
strategies. Accurate crude oil price predictions are essential for
strategic planning, risk management, and decision-making in
the energy sector.

The remainder of the paper is structured as follows: Section
Il reviews the current literature on forecasting crude oil prices
in Morocco. Section 111 outlines the methodology employed in
this study. Section IV presents the empirical results, followed
by a discussion in Section V. Finally, Section VI offers
conclusions and directions for future research.

Il.  RELATED WORK

Forecasting crude oil prices and energy demand in
Morocco is a crucial topic for the country's economic and
energy planning. Numerous studies have explored this field
using various methodologies and approaches. Among the key
works, Nafil et al. (2020) [4] compared different methods for
forecasting energy demand, concluding that the temporal
causality method is the most effective. Kharbach and Chfadi
(2018) [5] examined the relationship between oil prices and
electricity production, revealing a significant impact of crude
oil prices on the latter. Ifleh et al. (2022, 2023) [6, 9] explored
the use of technical indicators for stock market forecasting with
promising results. Ayyadi and Maaroufi (2018) [7] proposed
diffusion models for the emerging electric vehicle market.
Other studies have focused on the impact of global factors.
Adekoya et al. (2021) [8] analyzed the influence of the global
financial cycle and oil prices on stock returns of African oil-
exporting countries. Benali and Lahboub (2024) [10]
demonstrated the effectiveness of machine learning techniques
in modeling stock prices in the energy sector. El Bahi et al.
(2022) [11] developed a dynamic harmonic regression model
for fuel price forecasting. Lahrech et al. (2017) [12] examined
the impact of oil shocks on the Moroccan financial market,
while Nasreddin et al. (2023) [13] compared regression and
machine learning models for fossil energy demand forecasting.
These studies confirm the importance of using advanced
methods to improve forecast accuracy in the energy and
financial sectors. They also highlight the challenges of
forecasting crude oil prices, a crucial element for Morocco's
economic and energy planning.

Research on forecasting crude oil prices and energy
demand in Morocco is of great importance for effective
resource management and informed economic planning. The
use of advanced methods and the exploration of new factors
influencing these markets are essential to improve forecast
accuracy and support informed decision-making. Forecasting
crude oil prices and their influence on various economic
sectors is gaining increasing interest, both in Morocco and
other countries. Many recent studies explore different
techniques to improve forecasting accuracy and understand the
complex links between oil prices and the economy. Among the
most recent works, Ifleh et al. (2023) [14] demonstrated the
effectiveness of trend technical indicators for forecasting
Moroccan stock prices. Siham et al. (2024) [15] explored
different machine learning techniques for oil price forecasting,
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obtaining promising results. Itri et al. (2024) [16] applied
hybrid machine learning techniques for stock price forecasting
in the Moroccan banking sector, with conclusive results.

Modeling and forecasting fuel prices are also subjects of
extensive research. EI Bahi et al. (2018) [17] used a time series
approach for fuel price forecasting, obtaining reliable results.
Bennouna and EI Hebil (2016) [18] studied Morocco's energy
needs by 2030, highlighting the importance of energy planning
for the country's economic development. Meliani et al. (2022)
[19] proposed energy demand forecasting methods based on
time series for smart grids in Morocco, which is crucial for
efficient energy management. Research also explores the use of
hybrid methods to improve forecast accuracy. Zahouani and
Boubaker (2023) [20] developed hybrid approaches for crude
oil price forecasting, demonstrating the effectiveness of
combining different techniques. Benabbou et al. (2021) [21]
applied machine learning techniques for forecasting used car
prices in Morocco. Ghorbel et al. (2014) [22] evaluated the
impact of crude oil prices and investor sentiment on Islamic
indices, highlighting the complex interactions between oil
prices and financial markets. Dagher and EI Hariri (2013) [23]
studied the impact of global oil price shocks on the Lebanese
stock market, revealing significant links that can inform
forecasting approaches for other countries in the region. The
application of advanced techniques, including machine
learning and hybrid models, is essential to improve the
forecasting of crude oil prices and their impact on various
economic sectors. These studies help better understand the
challenges and opportunities related to modeling and
forecasting market trends in an ever-changing context.
Modeling and forecasting oil prices and energy demand in
Morocco and other regions are subjects of extensive research,
using various advanced techniques to improve forecast
accuracy and understand complex market interactions. Among
recent works, Aman et al. (2019) [24] demonstrated the
effectiveness of the radial basis function technique for
forecasting fuel sale prices in Morocco. Haouraji et al. (2023)
[25] used machine learning-based planning models to analyze
LPG demand in Morocco, highlighting the usefulness of these
models for accurate energy planning. Abdou et al. (2024) [26]
applied a machine learning approach to examine the impact of
oil and global markets on the predictability of the Saudi stock
market, revealing valuable insights into market interactions.

Other studies focus on analyzing energy consumption and
its economic impact. Oubnaki et al. (2022) [27] studied energy
consumption in the transport sector in Morocco, identifying
trends and providing essential forecast estimates for efficient
energy management. Kitous et al. (2016) [28] assessed the
impact of low oil prices on exporting countries, highlighting
the economic challenges posed by significant oil price
fluctuations. Research also explores the use of advanced
techniques for oil price forecasting. Siham et al. (2024) [29]
applied multimodal deep learning for oil price forecasting
using economic indicators, demonstrating the robustness of this
approach in capturing complex signals. The impact of oil
prices on financial markets and economies is also studied.
Bouri et al. (2020) [30] analyzed oil market conditions and
sovereign risk in oil-exporting and importing countries in the
MENA region. Lotfi and El Bouhadi (2022) [31] explored
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artificial intelligence methods as new decision-making tools,
highlighting their potential to revolutionize economic and
energy decision-making.

Correlative approaches for modeling energy consumption
are also proposed. Haouraji et al. (2020) [32] proposed a
correlative  approach combining energy  consumption,
urbanization, and GDP to model and forecast residential energy
consumption in Morocco. The effect of oil price shocks on
economic growth is analyzed. Elneel and AlMulhim (2022)
[33] analyzed the effect of oil price shocks on Saudi Arabia's
economic growth, providing crucial insights considering Saudi
Arabia's Vision 2030. Applying advanced techniques,
including machine learning, hybrid approaches, and artificial
intelligence, is essential for improving the accuracy of oil price
and energy demand forecasts. These studies help better
understand the complex interactions between oil prices,
financial markets, energy consumption, and economic growth,
which is crucial for effective strategic planning and informed
decision-making.

Research on forecasting crude oil prices and energy
demand in Morocco explores a variety of advanced
methodologies and approaches, ranging from renewable energy
optimization to market sentiment analysis. Among recent
works, Benzohra et al. (2020) [34] studied the optimization of
renewable resource mix for a low-carbon energy system in
Morocco. Belcaid and ElI Ghini (2021) [35] analyzed the
macro-financial determinants of stock market development in
Morocco. El-Karimi and EI-Ghini (2020) [36] examined the
transmission of global commodity prices to consumer prices in
Morocco. Other research focuses on applying advanced
techniques for oil price forecasting and energy demand
management. El Abassi et al. (2023) [37] used recurrent neural
networks to predict crude oil prices. Vochozka et al. (2023)
[38] studied the impact of geopolitical deadlock and phosphate
shortages on prices. Gagour et al. (2022) [39] modeled the
shelf life of virgin olive oil in Morocco. Bounadi et al. (2023)
[40] estimated the costs and policy implications of mitigating
water pollution in the olive oil industry in Morocco.

Sentiment analysis and machine learning are also used for
stock market forecasting. Sandeep et al. (2023) [41] and
Chihab et al. (2022) [42] developed models to predict stock
prices using text polarity and subjectivity. Finally, Boussatta et
al. (2023) [43] proposed an intelligent hybrid approach to
improve oil price forecasting. As the author of this study, we
developed an advanced hybrid system combining several
machine learning models such as linear regression, random
forest, support vector machines, and gradient boosting. These
collective studies underscore the importance of advanced
techniques for oil price forecasting and energy demand
management in Morocco, highlighting the economic and
environmental implications of these forecasts.

This article details the implementation of this new hybrid
system for oil price forecasting in Morocco, with an in-depth
analysis of the results and performance of the different models
used. This innovative approach should significantly improve
oil price forecast accuracy, aiding policymakers in making
informed energy policy decisions in Morocco.
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I1l.  PROPOSED METHOD

Fig. 1 illustrates the architecture of the proposed ensemble
prediction system for forecasting crude oil prices in Morocco.
This hybrid approach begins with a data preprocessing phase,
where raw data is cleaned and prepared for analysis. Next,
different individual models are trained, including Random
Forest, linear regression, XGBoost, ARIMA, Prophet and
support vector regression. The forecasts generated by these
models are then integrated into an ensemble prediction process,
which combines these different estimates to produce a more
robust final forecast. The performance of this system is
evaluated to verify and validate the obtained results before
arriving at the final crude oil price prediction. This method
aims to leverage the strengths of each individual model to
improve the accuracy and reliability of the forecasts.

Data
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Fig. 1. Hybrid architecture for forecasting crude oil prices in morocco using
machine learning and ensemble models.

A. Data Preprocessing

1) Data: The data used in this study comes from the
Numbeo platform [44], which provides historical information
on gasoline prices in different countries around the world.
Specifically, the data covers the period from 2010 to 2023 for
Morocco and includes information on the average annual
gasoline price (in MAD per liter). This data was cleaned and
prepared for analysis. The data preprocessing involved
extracting relevant information, converting non-numeric
values to NaN, and calculating the annual average gasoline
prices. Then, this data was divided into training and testing
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sets and standardized for use in the forecasting models. We
developed several regression models to predict future gasoline
prices in Morocco up to 2027, using techniques such as linear
regression, Random Forest, support vector machines (SVR),
XGBoost, ARIMA, Prophet and gradient boosting. Each
model was evaluated individually, and performance was
measured using the root mean square error (RMSE).To obtain
more robust forecasts, we also combined the predictions of all
the individual models into an ensemble forecast. This
approach leveraged the strengths of each model to improve the
accuracy and reliability of the forecasts. The results show the
gasoline price forecasts for the next four years (2024-2027),
providing a comprehensive view of the expected evolution of
gasoline prices in Morocco in the coming years.

2) Normalization of data: To adjust the values of different
features so that they fall within a comparable scale. This is
crucial because many machine learning algorithms, such as
neural networks or distance-based methods, perform better
when the data is normalized.

B. Modeling Phase

The process involves training and testing various machine
learning models. We start by splitting the data into training and
testing sets using the train_test_split method, with 80% of the
data used for training and 20% for testing. The data is then
standardized using the StandardScaler to ensure that all
features have a mean of zero and a standard deviation of one,
which is crucial for the performance of many machine learning
algorithms.

C. Training Individual Models

1) Linear regression: It is a supervised learning method
that models the relationship between a dependent variable (or
target variable) and one or more independent variables (or
explanatory variables).

2) Random forest: It is a machine learning algorithm
based on ensemble learning, which combines multiple
decision trees to achieve better predictive performance.

3) XGBoost: It is a machine learning algorithm based on
the gradient boosting technique. It is an efficient and highly-
performing implementation of this method, which has seen
great success in recent years in many machine learning
competitions and applications.

4) Gradient boosting: It is a machine learning method
belonging to the family of ensemble algorithms. Its principle
is to iteratively build a predictive model by adding new weak
models (typically decision trees) in a way that gradually
reduces prediction errors.

5) Support Vector Regressor (SVR): It is a variant of the
Support Vector Machine (SVM) method for regression
problems. It is a supervised learning algorithm used to build
nonlinear regression models.

6) ARIMA (AutoRegressive Integrated Moving Average)
is a statistical model used for analyzing and forecasting time
series data. It combines three components: autoregression
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(AR), integration to make the series stationary (I), and moving
average (MA).

7) Prophet is a forecasting tool developed by Facebook
that is specifically designed for time series data. It is capable
of handling missing data and outliers, and it automatically
accounts for seasonal trends and holiday effects, making it
suitable for a wide range of time series forecasting
applications.

D. Model Integration

1) Ensemble prediction: It is a machine learning
technique that involves combining the predictions of multiple
individual models to obtain a final prediction that is more
robust and accurate. This approach is widely used in many
areas of machine learning, such as classification, regression,
and forecasting, as it allows for leveraging the strengths of
different models in a complementary manner.

E. Performance Evalutation

1) Ensemble prediction: Evaluate the quality and accuracy
of the predictions generated by the hybrid crude oil price
forecasting system. This involves calculating various
performance measures, including the Root Mean Square Error
(RMSE), which evaluates the average difference between
predicted values and actual values.

Table | lists commonly used models in machine learning
for regression problems. It includes classical algorithms like
linear regression and more powerful ensemble methods like
random forest, gradient boosting, ARIMA, Prophet and
XGBoost. The support vector regressor (SVR) is also included,
offering a robust approach to outliers. The ensemble prediction
combines predictions from multiple models for better overall
performance. Each of these algorithms has advantages and
disadvantages in terms of complexity, interpretability, and the
ability to model nonlinear relationships. The choice of the most
suitable model will depend on the specific characteristics of the
data and the prediction goal.

TABLE I. PROPOSED DATA MINING ALGORITHM
Algorithm Description
Rf Random Forest
LR Linear Regression
Gb Gradient Boosting
SVR Support Vector Regressor

XGBoost XGBoost

Ensemble Prediction Ensemble Prediction

ARIMA ARIMA

Prophet Prophet

Table Il presents key performance indicators and their
associated factors to analyze fluctuations in oil prices,
considering various economic and factors influencing the
markets of Morocco.
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TABLE II. KEY PRICE INDICATORS FOR TRANSPORTATION-RELATED TABLE Ill.  PROPOSED COMPARATIVE ANALYSIS OF REGRESSION MODEL
FEATURES PERFORMANCE FOR CRUDE OIL PRICE PREDICTIONS : RMSE
KPI Features Model RMSE
Average price of a one-way local transport | One-way Ticket (Local Linear Regression 2.80
ticket Transport)
Average price of a regular monthly public | Monthly Pass (Regular Random Forest 213
transport pass Price) SVR 141
Average price of 1 liter of gasoline Gasoline (1 liter)
Volkswagen Golf 1.4 90 XGBoost 246
Average price of a _Volkswagen Golf 1.4 90 KW Trendline ' ©r Gradient Boosting 2.40
KW Trendline or equivalent new car .
Equivalent New Car)
- — ARIMA 2.46
Average starting fare for a taxi ride (normal Taxi Start (Normal Tariff)
tariff) Prophet 1.42

Average price per kilometer for a taxi ride
(normal tariff)

Taxi 1km (Normal Tariff)

Average price per hour of waiting time for a
taxi (normal tariff)

Taxi 1hour
(Normal Tariff)

Waiting

Average price of a Toyota Corolla Sedan 1.6l
97kW Comfort or equivalent new car

Toyota Corolla Sedan 1.6l
97kW  Comfort  (Or
Equivalent New Car)

IV. RESULTS

A. Model Selection

The choice of regression models in this study is crucial for
obtaining accurate predictions of crude oil prices in Morocco.
The selected models represent a variety of approaches in
statistical modeling and machine learning. As shown in Table
I, the SVR model achieved the best RMSE score of 1.41,
indicating that it is the most effective in accurately predicting
crude oil prices. SVR's ability to handle seasonality and
holidays, along with its robustness to missing data, contributes
significantly to its superior performance in forecasting. In
comparison, the Prophet model achieved an RMSE of 1.42,
making it the second most effective model in accurately
predicting crude oil prices. This result suggests that the
nonlinear relationships present in the data are well captured by
this support vector machine-based model. The use of advanced
techniques such as non-linear Kkernel and parameter
optimization in Prophet enables it to better model the
complexity of the underlying data. On the other hand,
traditional time series models like ARIMA, which achieved an
RMSE of 2.46, and ensemble methods like Random Forest
(RMSE of 2.13) and gradient boosting (RMSE of 2.42) also
offer competitive performance but did not surpass SVR.
ARIMA, with its autoregressive integrated moving average
approach, provides a solid framework for capturing temporal
dependencies, though it fell short of the advanced methods.
Random Forest and gradient boosting offer better performance
than simple linear regression (RMSE of 2.80) by capturing
complex interactions between features and improving
prediction accuracy. Random Forest achieves this by
aggregating multiple decision trees, while gradient boosting
builds models sequentially on residuals of previous models.
Finally, the XGBoost model, although performing well with an
RMSE of 2.46, did not achieve the best results compared to
other advanced techniques used. This may be explained by the
fact that XGBoost is a relatively new method that requires
precise tuning of hyperparameters to achieve optimal
performance. Despite this, it remains a powerful tool for
modeling and predicting complex time series such as crude oil
prices.

B. Future Predictions for the Next Four Years (2024-2027)

1) Future predictions for the next four years (2024-2027)
using the best model: The best model forecasts a continuous
increase in values from 16.75 MAD in 2024 to 21.91 MAD in
2027, as shown in Fig. 2 and the prediction Table IV, this
upward trend indicates a significant positive dynamic. The
projections suggest steady growth each year, which could
reflect economic expansion or rising demand in the area of
interest. Such a trend may justify strategic adjustments to
capitalize on the expected growth, such as increasing
production capacity or investing in new opportunities.
However, it is crucial to validate this trend with additional
data to avoid premature conclusions.

TABLE IV.  PREDICTIONS OF CRUDE OIL PRICES FOR THE UPCOMING
YEARS USING THE BEST MODEL: PROJECTED VALUES
Year Prediction value
2024 16.75MAD
2025 18.68 MAD
2026 20.44 MAD
2027 21.91 MAD

2) Future predictions for the next four years (2024-2027)
using ARIMA: The ARIMA model provides constant forecasts
of 10.31 MAD for each year, as shown in Fig. 2 and the
prediction Table V, indicating stability in the data without any
marked trend. This absence of variation suggests that the
model does not capture significant changes in the time series.
This could imply that the data is stationary or that influential
factors do not vary significantly over the period. However, if
substantial changes are anticipated, this forecast might
underestimate the actual evolution of the values. Comparing
these results with other models and examining the residuals of
the ARIMA model could provide insights into why no trend is
detected.

3) Future predictions for the next four years (2024-2027)
using Prophet: The Prophet model offers more nuanced
forecasts, starting at 9.86 MAD in 2024, as shown in Fig. 2
and the prediction Table VI increasing to 12.61 MAD in 2025,
followed by a slight decline in 2026 (12.38 MAD) and further
decrease in 2027 (11.95 MAD). These forecasts indicate
variability in the data, potentially due to seasonal factors or
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cyclical effects. The fluctuations suggest that external
influences or specific cycles may significantly impact the data.
Understanding these variations is crucial for adjusting
strategies and forecasts more accurately, highlighting the need
to monitor seasonal and cyclical effects.

TABLE V. PREDICTIONS OF CRUDE OIL PRICES FOT HE UPCOMING
YEARS USING ARIMA: PROJECTED VALUES
Year Prediction value
2024 10.31 MAD
2025 10.31 MAD
2026 10.31 MAD
2027 10.31 MAD

Annual Average Crude Oil Prices in MAD (Morocce) with Predictions

22 4~ Historical Prices

== ML Predicted Prices
=%- ARIMA Predicted Prices
—%- Prophet Predicted Prices

Average Annual Price (MAD)

Fmme

2014 2016 2018 2020 2022 2024 2026
Year

Fig. 2. Annual average crude oil price in MAD (Morocco) with prediction.
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abrupt changes. This trend implies a stable environment with
continuous, albeit modest, enhancements in the measured
variable. The smooth upward slope across the forecast horizon
indicates that the ensemble model, by synthesizing multiple
predictive outputs, provides a balanced and comprehensive
view of future trends.

Annual Average Crude OIl Prices in MAD (Morocco) with Ensemble Predictions

15 —&~ Historical Prices
== Ensemble Predicted Prices
X
27T

Average Annual Price (MAD)
<] o

_——

.

2014 2016 2018 2020 2022 2024 2026
‘Year

Fig. 3. Annual average crude oil price in MAD (Morocco) with ensemble
prediction.

TABLE VII.  PREDICTIONS OF CRUDE OIL PRICES FOR THE COMING YEARS:
PROJECTED VALUES WITCH ENSEMBLE PREDICTIONS
Year Prediction value
2024 13.28 MAD
2025 14 MAD
2026 14.27 MAD
2027 14.47 MAD

TABLE VI.  PREDICTIONS OF CRUDE OIL PRICES FOR THE UPCOMING
YEARS USING PROPHET: PROJECTED VALUES
Year Prediction value
2024 9.86 MAD
2025 12.61 MAD
2026 12.83 MAD
2027 11.95 MAD

C. Future Predictions for the Next four Years (2024-2027)
using Ensemble Predictions

Exploring future trends in crude oil prices, crucial for
various industries and economic policies, often requires the use
of a range of models to attain a balanced perspective.
Predictions based on ensemble models, as illustrated in Fig. 3,
offer a significant alternative to individual predictions
presented in Table VII. The ensemble model's forecasts for the
period from 2024 to 2027 demonstrate a consistent and
nuanced growth pattern. Starting at 13.28 MAD in 2024, the
predicted values gradually increase each year, reaching 14.47
MAD by 2027. This steady progression highlights a moderate,
yet enduring, upward trend, which is reflective of the model's
integrated approach to forecasting.

The gradual increase from 13.28 MAD to 14.47 MAD
suggests a scenario of ongoing, incremental growth rather than

The ensemble approach leverages various models to
mitigate individual forecasting errors and uncertainties,
resulting in a more robust and reliable projection. The result is
a forecast that accounts for a range of potential influences and
integrates different perspectives, thus offering a well-rounded
prediction.

Such a steady growth trajectory is invaluable for long-term
planning and strategic decision-making. It suggests a favorable
but controlled increase, allowing stakeholders to prepare for
gradual improvements without the need for abrupt adjustments.
This nuanced forecast underscores the importance of adopting
a data-driven approach to anticipate moderate changes and
adapt strategies accordingly.

In essence, the ensemble predictions provide a stable
outlook with a clear trend of incremental growth, reflecting
both reliability and gradual optimism in the forecasted period.

V. DISCUSSION

The analysis of the crude oil price prediction system in
Morocco reveals several key insights that warrant detailed
examination. Firstly, the evaluation of various regression
models exposes critical differences in their efficacy in
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forecasting crude oil price trends. Linear regression, while
conceptually straightforward, shows notable limitations in
capturing the intricate, non-linear relationships present in crude
oil price data. Its higher RMSE compared to more
sophisticated models indicates a less accurate fit to the actual
data, reflecting the model’s struggle with the inherently non-
linear nature of crude oil prices.

In contrast, advanced machine learning techniques,
including Random Forest, Gradient Boosting, XGBoost,
ARIMA, Prophet and Support Vector Regression (SVR),
demonstrate a superior capacity for modeling non-linear
relationships and generating more precise forecasts. These
methods, characterized by lower RMSE values, indicate a
better alignment with observed data, with SVR emerging as the
most effective individual model. The enhanced performance of
SVR can be attributed to its use of kernel functions, which
adeptly capture complex variable interactions.

Furthermore, the ensemble approach, which integrates
predictions from multiple models, offers substantial advantages
over both linear regression and individual models. The
ensemble's lower RMSE suggests a reduction in overall
prediction error, highlighting its effectiveness in minimizing
inaccuracies. Additionally, ensemble predictions are generally
more stable and less susceptible to the fluctuations that single
models may exhibit, thus providing a more reliable tool for
decision-making in volatile economic contexts.

The forecasts for the period 2024-2027 reveal a consistent
upward trend in crude oil prices across all models, albeit with
variations in the magnitude of these increases. These
discrepancies emphasize the importance of incorporating
multiple forecasting perspectives to ensure a comprehensive
interpretation and effective strategic planning.

The predictive insights generated by the system are of
considerable value to energy market stakeholders,
policymakers, and investors. Anticipating crude oil price
movements over a multi-year horizon facilitates more informed
strategic planning and proactive risk management. Such
forecasts are instrumental in guiding investment decisions and
shaping government policies aimed at stabilizing energy
markets and fostering economic sustainability.

In summary, the findings from the crude oil price
prediction system underscore the necessity of selecting
appropriate  forecasting models, leveraging ensemble
approaches, and contextualizing predictions within the broader
economic and political landscape. These insights contribute
significantly to understanding crude oil market dynamics and
enhance the planning and decision-making processes within the
energy sector and beyond.

VI. CONCLUSION AND FUTURE WORK

In conclusion, the crude oil price prediction system
developed for Morocco provides valuable insights into the
dynamics of energy markets and enhances our ability to
forecast price movements effectively. The analysis of various
regression models underscores the critical role of selecting
appropriate  modeling approaches to achieve precise
predictions. Among the evaluated methods, machine learning
techniques, particularly Support Vector Regression (SVR),
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emerge as highly effective in capturing the intricate
relationships between variables and delivering reliable crude
oil price forecasts.

Despite these advancements, several challenges and
opportunities for further improvement remain. To refine
prediction accuracy, incorporating additional data sources such
as macroeconomic indicators and geopolitical factors is
essential. These external variables can significantly influence
crude oil prices, and their integration into the model could
enhance its robustness and relevance.

Furthermore, exploring advanced machine learning
techniques, such as deep learning algorithms, presents an
opportunity to uncover more complex patterns within the data.
Deep learning models, with their ability to handle large
datasets and capture non-linear relationships, could potentially
improve prediction accuracy beyond current capabilities.

A comprehensive analysis of the uncertainties and risks
associated with crude oil price forecasts is also crucial.
Employing uncertainty quantification methods, such as
confidence intervals and bootstrap techniques, would provide a
more robust evaluation of prediction reliability. This approach
could better inform policymakers and market participants,
aiding in risk management and decision-making processes.

Looking ahead, there is a need to develop a more dynamic
and adaptable prediction system capable of rapidly responding
to changes in the economic and political environment. This
could involve creating real-time regression models and
incorporating continuous learning mechanisms to monitor and
adjust to evolving trends in crude oil prices. Such
advancements would ensure that the prediction system remains
relevant and accurate in a rapidly changing market landscape.

In summary, the crude oil price prediction system for
Morocco  represents a  significant advancement in
understanding and managing energy markets. By leveraging
advanced modeling techniques and incorporating a broader
range of data, this system offers a valuable tool for strategic
decision-making. Continued development and refinement will
enhance its ability to support long-term economic stability and
sustainability in the energy sector.
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